Ovulation resembles the inflammatory response. The purpose of the present study was to examine the expression and role of type I interferons (IFNs) Ifnalpha and Ifnbeta in mouse ovaries during the process of ovulation. An in vivo injection of equine chorionic gonadotropin (CG)-human CG (hCG) stimulated Ifnalpha and Ifnbeta mRNA in cumulus-oocyte complexes (COCs) within 6 h. Type I IFN receptor (Ifnar1 and Ifnar2) genes were also expressed in preovulatory follicles without a change by hCG. Immunofluorescent study revealed the expression of protein signals of Ifnalpha, Ifnbeta, and Ifnar1 in cumulus cells. Treatment of COCs with Ifnalpha or Ifnbeta in vitro induced cumulus expansion that was comparable to that mediated by epiregulin. In cultured COCs, the levels of Ifnalpha and Ifnbeta mRNA increased by epiregulin and follicle-stimulating hormone, but not by prostaglandin E2. Ifnalpha and Ifnbeta activated multiple signaling events (signal transducer and activator of transcription-1/3, Akt, and mitogen-activated protein kinase 1/2) and stimulated the expression of genes known to impact COC expansion (Has2, Ptx3, Tnfaip6, and Ptgs2). Interestingly, treatment of COCs with Toll-like receptor (TLR) 2 and TLR4 ligands (lipopolysaccharides, Pam3Cys, and hyaluronan fragments) increased Ifnalpha and Ifnbeta mRNA, while coculture with anti-TLR2/4 neutralizing antibody abolished these effects. Taken together, these results demonstrate that the type I IFN system is operating in mouse cumulus cells and plays a role in the induction of cumulus expansion during the ovulatory process in mice.
INTRODUCTION
The ovulation process, which is initiated by the luteinizing hormone (LH) surge, involves the expansion of the oocyteenclosing cumulus cells before the release of a fertilizable oocyte. Cumulus expansion, also called mucification, is a process of the formation of the hyaluronan (HA)-rich extracellular matrix by the action of HA synthase 2 (Has2), TNF-a-induced protein 6 (Tnfaip6), pentraxin 3 (Ptx3), and versican (Cgs2) [1, 2] . These matrix-forming factors are stimulated by the synergistic action of epidermal growth factor (EGF)-like factors (amphiregulin [Areg] , betacellulin, epiregulin [Ereg]), and prostaglandin (PG) E2, which are induced by the LH surge [1] . Furthermore, oocyte-derived factors, growth differentiation factor-9, and bone morphogenetic protein-15 also contribute to the formation of the expanded matrix [3] . Interestingly, recent studies indicate that the innate immune response may play a role in cumulus expansion [4, 5] . These include the production of cytokines, CD34 antigen, and the pathogen recognition receptors belonging to the Toll-like receptor (TLR) family. Areg and PGE2 induce the interleukin (Il)-6 expression in mouse cumulus cells, and Il-6 alone acts as a regulator of cumulus expansion [6] . Moreover, the expression of Il-6 is stimulated by TLR-2/4 ligands, such as lipopolysaccharides (LPS), Pam3Cys-Ser-(Lys)4 HCl (Pam3Cys), or HA fragments in mouse cumulus cells [7, 8] and bovine granulosa cells [9, 10] . Expression of synaptosomal-associated protein 25 (Snap25), a component of secretion vesicles responsible for the release of cytokines, is also stimulated by the LH surge in preovulatory granulosa cells [11] . These results suggest that the innate immune system is present and functional in cumulus cells. The presence and function of other cytokines, such as interferons (IFNs) associated with an innate immune response in cumulus cells, remain to be investigated.
The IFNs, known as antiviral proteins, are also produced in response to TLR activation [12] . The IFN family contains type I IFNs (Ifna/b) and type II Ifnc [13] . These IFNs exert their action by binding to cell surface receptors consisting of two subunits that are specific for either type I IFNs (Ifnar1 and Ifnar2) or the type II Ifnc (Ifngr1 and Ifngr2). The signal transduction pathways activated in response to type I Ifna/b include Janus tyrosine kinase (Jak)/signal transducer and activator of transcription (Stat) pathway, as well as the phosphoinositol 3-kinase/Akt/mitogen-activated protein kinase (Mapk) activation pathway [14] . Ifna [15] or Ifnc [16] modulates steroidogenesis in the ovary. The expression of Ifna is stimulated by LH in rat preovulatory follicles [17] . However, the precise function of IFNs during the ovulatory process is not clear.
Based on these considerations, the present study was undertaken to determine the ovarian expression and physiological functions of Ifna/b during ovulation in mice. We document that TLR-2/4 ligands can stimulate the expression of Ifna/b in cumulus-oocyte complex (COC), and that Ifna or Ifnb alone can induce cumulus expansion.
MATERIALS AND METHODS

Materials
Equine chorionic gonadotropin (eCG/PMSG), human CG (hCG), and ultrapure LPSs were from Sigma (St. Louis, MO). Recombinant human Ifna and Ifnb were purchased from Gibco, Invitrogen (Sydney, NSW, Australia). Epiregulin (EPI) was purchased from R&D Systems, Inc. (Minneapolis, MN). Pam3Cys was from Calbiochem (Los Angeles, CA), and HA fragments (1.5-3 kDa) were obtained from Enzo Life Sciences (Farmingdale, NY). Anti-Ifna and anti-Ifnb neutralizing antibodies were obtained from Interferon Source (Piscataway, NJ). IFN type I receptor (Ifnar1) phosphorylated on Ser 535/539 was purchased from Allele Biotech (San Diego, CA). Antibodies for phsophoSrat1 (Tyr701), phospho-Srat3 (Tyr705), Akt, phospho-Akt, p44/42 Mapk (Erk1/2), and phospho-p44/42 Mapk were from Cell Signaling Technology, Inc. (Danvers, MA). Anti-TLR-2/anti-CD44 and anti-TLR-4 neutralizing antibodies were purchased from Cell Signaling Technology and InvivoGen (San Diego, CA), respectively. Antibody for glyceraldehyde phosphate dehydrogenase (Gapdh) and anti-Ifnar1 was from Santa Cruz Biotechnology (Santa Cruz, CA).
Animals
Immature female C57BL/6 mice (21-23 days old; body weight, 12-15 g; Animal Facility of Aging Science, Korea Basic Science Institute, Gwangju, Korea) were injected s.c. with 5 IU of eCG to stimulate multiple follicular growth. Two days later, some eCG-primed mice were injected i.p. with 5 IU hCG to induce superovulation. Animals were housed in groups under a 14L:10D schedule and provided food and water ad libitum. All animals were maintained and treated in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals, as approved by the Institution Animal Care and Use Committee at Chonnam National University.
Collection of Ovarian Samples after hCG In Vivo
To measure mRNA levels, preovulatory follicles were isolated from mouse ovaries at different time intervals after hCG treatment using forceps. Granulosa cells, theca cells, and COC were also isolated from preovulatory follicles at hCG 0 and 6 h using a 21-gauge needle under a dissection microscope. The purity of isolation was justified by the expression of granulosa cell-specific gene Rhox8, theca cell-specific gene Cyp17a1, and COC-specific gene Ptx3 (Supplemental Fig. S1 ; Supplemental Data are available online at www. biolreprod.org). The COCs from at least five mice were pooled and stored at À808C until RNA extraction. The experiments were repeated three or four times.
COC Isolation, Expansion, and Oocyte Maturation in Culture
Ovaries of immature mice primed with eCG for 48 h were flattened to one layer and preovulatory follicles were punctured using a 21-gauge needle to collect granulosa cells containing COCs. The COCs were collected separately from the granulosa cells by pipette in a complete aMEM (supplemented with 25 mM Hepes, 0.25 mM sodium pyruvate, 3 mM L-glutamine, 100 U/ml penicillin, and 100 lg/ml streptomycin) and treated as described previously [18] .
For in vitro COC expansion, nonexpanded COCs (10-15) were plated in separated wells of Nunclon four-well dishes (Nunclon; Nunc, Roskilde, Denmark) in 50 ll of aMEM with 3 mg/ml bovine serum albumin and 5% fetal bovine serum under the cover of mineral oil treated with or without different reagents at 378C in a modular incubation chamber (Billups Rothenberg, Del March, CA), infused with 50% N 2 and 50% O 2 . Expansion in vitro COC was assessed by microscopic examination after 14 h in culture. The degree of cumulus expansion was also assessed by an independent assessor blinded to treatment, using the scale previously described [19] . Scores were given on a scale ranging from 0 to þ4: a score of 0 indicates no expansion of cumulus cells; a score of þ1 indicates the outermost layers of cumulus cells has expanded; a score of þ2 indicates the outer half of cumulus cells has expanded; a score of þ3 indicates the expansion of all layers except the corona radiata; and a score of þ4 indicates the expansion of all layers of cumulus cells. For each treatment group, a mean cumulus expansion index (0.0-4.0) was calculated.
To assess the downstream signaling pathway for Ifna or Ifnb activation, 300 nonexpanded COCs were cultured in 500 ll aMEM without serum in the fourwell dish in the presence or absence of Ifna (1000 U/ml), Ifnb (1000 U/ml), or EPI (100 nM). After culturing for 15 min, the COCs were collected and stored at À808C until the cell lysates were prepared for Western blot analysis.
For in vitro COC gene expression analysis, 300 nonexpanded COCs were cultured in 500 ll aMEM with 1% fetal bovine serum in a four-well dish. The COCs were treated for 6 or 12 h with EPI, Ifna, or Ifnb. The COCs were also treated with LPS (100 ng/ml), Pam3Cys (1 lg/ml), or HA fragment (100 lg/ml) for 4 h. TLR2 or TLR4 neutralizing antibody was pretreated for 30 min. Duplicate samples were pooled and stored at À808C until RNA extraction.
To assess oocyte maturation, 30 COCs were cultured in 150 ll aMEM containing hypoxanthine (Sigma) to block spontaneous germinal vesicle breakdown (GVBD) in Nunclon four-well dishes in the presence or absence of Ifna (1000 U/ml), Ifnb (1000 U/ml), or EPI (100 nM) at 378C for 4 h in a humidified atmosphere of 5% CO 2 in air. After removal of cumulus cells by pipette, oocyte maturation was assessed by scoring GVBD. The experiments were repeated three times with three different mice.
RNA Isolation and Real-Time PCR Analysis
Total RNA was isolated using Blood/Cultured Cell Total RNA mini kit (Favorgen Biotech, Ping-Tung, Taiwan) according to the manufacturer's instructions. Total RNA was reverse transcribed with the RevertAid M-MuLV reverse transcriptase kit (Fermentas, St. Leon-Rot, Germany) to evaluate gene expression. Real-time PCR was then performed on a Rotor-Gene Q 5plex (QIAGEN, Hilden, Germany), located at Korea Basic Science Institute (Gwangju, Korea), using the QuantiTect SYBR Green PCR Kit (QIAGEN) at 958C for 1-5 min, 628C for 20 sec, and 728C for 5 min. Primers corresponding to the mouse Ifna, Ifnb, Ifnar1, and Ifnar2 genes were designed using PRIMER3 software. The PCR primers used in this study are listed in Supplemental Table S1 . The average Ct value in triplicate for each gene was divided by linear Ct of b-actin to obtain relative abundance of transcript. The bactin was used as an internal control for all measurements.
Immunofluorescence
Immunofluorescent analyses was performed as previously described [18] with primary anti-Ifna, anti-Ifnb, or anti-phospho Ifnar1 antibodies (1:50) and secondary antibodies tagged with AlexaFluor-488 (1:100; Invitrogen, Carlsbad, CA). Digital images were captured using a TCS SP5 AOBS laser-scanning confocal microscope (Leica Microsystems, Heidelberg, Germany) with a 203 objective located at Korea Basic Science Institute (Gwangju, Korea).
Western Blot Analyses
Lysates of COCs (5 lg) were resolved by 6%-16% gradient SDS-PAGE and transferred to nitrocellulose membranes (Amersharm Bioscience, Arlington Heights, IL) as previously described [18] . The transferred membrane was blocked with 3% skim milk before immunoblotting using a primary antibody (1:500 final dilution) and a horseradish peroxidase-conjugated secondary IgG (1:1000 final dilution). After washing in 13 TBST, signals were visualized with enhanced chemiluminescence. The band intensities were quantified using UN-SCAN-IT Gel 6.1 software (Silk, Scientific, Orem, UT) after subtraction of background signals, and normalized using GAPDH.
Statistics
Data are presented as means 6 SEM. A one-way ANOVA followed by Dunnett test was used for comparisons among multiple groups. Comparisons between any two points were evaluated using the Student two-tailed t test (P , 0.05 was considered significant).
RESULTS
Stimulation of Ifna and Ifnb During Ovulation In Vivo in COCs
To determine gonadotropin regulation of the IFN system during ovulation in vivo, total RNA extracted from preovulatory follicles at different times after eCG/hCG treatment was analyzed by real-time PCR. Levels of both Ifna and Ifnb mRNAs increased within 3 h, and reached a maximum level at 6 h (Fig. 1, A and B) . Increased Ifna and Ifnb mRNA levels were evident in COC, but not in granulosa or theca cells of preovulatory follicles after 6 h of hCG stimulation. In contrast, levels of Ifnar1 and Ifnar2 mRNAs were unchanged by JANG ET AL. Ifna/b PROMOTES COC EXPANSION gonadotropins (Fig. 1C) . Levels of Ifnc mRNA were undetectable (data not shown).
Immunofluorescent staining revealed the expression of Ifna, Ifnb, and Ifnar1 protein in cumulus cells of ovaries collected at 6-h hCG (Fig. 2, arrowhead) . Granulosa and theca cells were also weakly stained at 6-h hCG. Ifnb protein was also found in oocyte (Fig. 2, asterisk) . Ovaries were stained negative with the rabbit control antibody with nonspecific signals in follicle fluid. While mRNA levels of Ifnar1 were unchanged by hCG treatment (Fig. 1C) , the immunofluorescent analysis using phospho-Ifnar1 antibody showed the increased Ifnar1 protein signals at 6-h hCG (Fig. 2) . To confirm this expression pattern of Ifnar1, we performed immunoprecipitation assay using phospho-Ifnar1 antibody. The levels of phospho-Ifnar1 form, but not total Ifnar1, were increased by hCG (Supplemental Fig.  S2 ).
Induction of Cumulus Expansion by Ifna and Ifnb
To test whether Ifna or Ifnb directly induces COC expansion by itself, COCs were cultured with Ifna or Ifnb for 14 h. As shown in Figure 3A , Ifna or Ifnb alone induced the expansion of mouse COCs to the degree comparable with the effect of EPI. Measurement of the expansion index revealed that expansion
Immunofluorescence localization of Ifna, Ifnb, and Ifnar1 in preovulatory follicles during ovulation. Positive signals of Ifna and Ifnar1 were intense in cumulus cells (arrowhead, inset), whereas Ifnb staining was found in oocyte (asterisk) as well as in cumulus cells (arrowhead, inset) at hCG 6 h. As a negative control, the slides were also incubated with normal rabbit IgG before reaction with secondary antibody. Note that nonspecific signals were found in follicle fluid (FF). Similar results were obtained from ovaries of two different mice. Arrowhead, cumulus; asterisk, oocyte; FF, follicle fluid; Gc, granulosa cells; Tc, theca cells.
FIG. 3. Effect of Ifna and Ifnb on cumulus expansion (A) and oocyte maturation (B)
. Nonexpanded COCs collected from eCG-primed mice were cultured in defined media with EPI (100 nM), Ifna (1000 U/ml), or Ifnb (1000 U/ml) for 14 h for cumulus expansion and for 4 h for oocyte maturation. A) The degree of cumulus expansion was assessed using the subjective scoring system (right panel): 0 (no expansion) to þ4 (maximum expansion). Results show the mean 6 SEM of 60 COCs examined from three different experiments. *P , 0.05 vs. control. B) To assess oocyte maturation, 30 COCs for each treatment were cultured in media containing hypoxanthine for 4 h and examined in the presence of GVBD. The experiments were repeated three times with three different mice. *P , 0.05 vs. Control.
JANG ET AL.
was significantly (P , 0.05) induced by Ifna (2.4 6 0.1) or Ifnb (2.4 6 0.3) (Fig. 3A, right panel) . The degree of expansion induced by EPI (3.9 6 0.1) was 1.6-fold higher than that induced by Ifna or Ifnb (P , 0.05). Although EPI induced GVBD, Ifna or Ifnb had no effect on GVBD (Fig. 3B) .
Next, we determined whether Ifna and Ifnb mRNAs could be stimulated by factors known to induce COC expansion. Nonexpanded mouse COCs were treated with EPI, FSH, or PGE2 for 4 h. As shown in Figure 4 , both Ifna and Ifnb mRNAs were stimulated by EPI or FSH, but not by PGE2. The effect of FSH on the stimulation of Ifna and Ifnb was more potent than that of EPI.
Activation of Signal Pathways and Expansion Transcripts by Ifna and Ifnb in COCs
Due to the fact that Ifna/b activates multiple signal pathways, including Stat1/3, Akt, and Mapk1/2 [14] , we tested whether Ifna/b also activated these signaling pathways in COCs. Treatment with Ifna or Ifnb for 15 min in nonexpanded COCs preincubated in serum-free medium for 1 h increased the phosphorylation of Stat1/3 and Mapk1/2 to the level comparable with the effect of EPI (Fig. 5) . The phosphorylation of Akt was significantly stimulated by Ifna, but not by Ifnb.
After we found that Ifna or Ifnb alone could induce cumulus expansion, we next examined the regulation of genes known to impact expansion by Ifna and Ifnb during COC expansion. Both Ifna and Ifnb increased the expression of Has2 gene at 6 and 12 h to the degree comparable with that of EPI (Fig. 6) . Ifna and Ifnb induced the expression of Ptx3, Tnfaip6, and Ptgs2 at 12 h, but not at 6 h. The level of Tnfaip6 mRNA stimulated by Ifna or Ifnb for 12 h was five-fold lower than that induced by EPI for 6 h.
Stimulation of Ifna and Ifnb by TLR-2/4 Activation in COCs
IFNs are produced in response to TLR signaling in the immune system [12] . The TLR system is operative in cumulus cells even before the LH surge to stimulate several cytokines [4] . Therefore, the induction of Ifna or Ifnb gene expression by TLR ligands was analyzed in nonexpanded COCs cultured for 4 h in a serum-free condition. All TLR ligands used in this study significantly increased the expression of both Ifna and Ifnb (Fig. 7) . LPS treatment increased Ifna/b mRNA levels about seven-to eight-fold. Coculture with the anti-TLR4 neutralizing antibody abolished this LPS-induced expression of Ifna/b, whereas anti-CD44 antibody used as a negative control had no effect. Pam3Cys treatment increased Ifna/b mRNA levels two-to three-fold, and the anti-TLR2 antibody abolished this Pam3Cys-induced expression of Ifna/b. Anti-CD44 antibody did not affect the Pam3Cys-stimulated Ifna or Ifnb expression. Treatment with HA fragments, a known endogenous ligand of TLR-2/4, also increased Ifna/b mRNA levels (four-to five-fold), which was suppressed by both anti- TLR2   FIG. 4 . Stimulation of Ifna and Ifnb mRNAs in cultured COCs. Nonexpanded mouse COCs (300 for each treatment group) were cultured in the absence (C, control) or presence of EPI (100 nM), FSH (100 ng/ml), or PGE2 (1 lg/ml) for 4 h. Total RNA of COCs was assayed by real-time PCR using b-actin as a reference. Data points represents the mean 6 SEM of three experiments. *P , 0.05 vs. control.
FIG. 5. Activation of signaling pathways by
Ifna and Ifnb in COCs. COCs isolated from eCG-primed mice were treated without (C, control) or with EPI (100 nM), Ifna (1000 U/ml), or Ifnb (1000 U/ml) in serum-free medium for 15 min. A total of 300 COCs were used for each sample treatment. The graphs represent the band intensities of the mean 6 SEM of three individual experiments. *P , 0.05 vs. control.
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and anti-TLR4 neutralizing antibodies, but not by anti-CD44 antibody. These results indicate that the TLR system plays a key role in the induction of Ifna and Ifnb in cumulus cells.
DISCUSSION
The present study shows that the type I IFN system, including ligands (Ifna/b), receptors, and signal molecules, is operating in cumulus cells of preovulatory follicles in the mouse ovary. Ifna or Ifnb alone induces cumulus expansion by stimulating the expansion-inducing transcripts (Has2, Ptx3, Tnfaip6, and Ptgs2). A recent report demonstrates that the inflammatory cytokine Il-6 also induces cumulus expansion via autocrine action [6] . Furthermore, activation of the TLR system stimulates the cumulus expression of Ifna/b, emphasizing the involvement of the TLR system in the ovulatory process [4, 5] .
The expression of Ifna and Ifnb in COCs was stimulated by LH/hCG via a pathway of EGF-like factors and FSH, but not PGE2, downstream. The promoter region of the Ifna/b contains IFN regulatory factors (IRFs), nuclear factor jB (NF-jB), and ATF-2/c-June binding sites [20] , which demonstrates that these factors may control the transcriptional expression of the Ifna/b gene. Both EGF-like factors and FSH activate Erks [2] . Although EP2 receptors, which play a role in cumulus expansion [21] , generate a cAMP-PKA formation by coupling to stimulatory G protein of adenyly cyclase as similar to that of the FSH receptor, these prostanoid receptors cannot activate ERKs in downstream processing [22] . Therefore, it is likely that Erks activated by EGF-like factors and FSH may contribute to the activation of IRFs for Ifna/b gene induction. The IRF-3 expression is stimulated in cumulus cells by amphiregulin and FSH [7] . Alternatively, EGF-like factors and FSH may produce HA fragments that stimulate TLR-2/4 to induce Ifna/b gene expression. It has been suggested that the innate immune system, including TLR-2 and TLR-4, plays a role in ovulation [4, 5] . Ovulated and preovulatory cumulus cells can respond to the TLR-4 ligand LPS, the TLR-1/2 ligand Pam3Cys, or small HA fragments activating both TLR-2 and TLR-4, to stimulate the expression of Il-6, Ptgs2, and Tnf-a [7, 8] . TLR-2/4 signaling activates NF-jB and IRFs that are necessary for the Ifna/b gene induction [12] . In the present study, LPS was the most potent ligand to stimulate Ifna/b expression, indicating that TLR-4 may be a predominant TLR form in cumulus cells.
The levels of Ifna expression were about 10-fold higher than those of Ifnb expression in the present study. Differential regulation of Ifna and Ifnb genes may be due to the different amount of IRF members in the cumulus cells. The relative amounts of IRF-3 and IRF-7 is critical for the differential expression of Ifna and Ifnb [23] . Ectopic expression of IRF-7 can activate both Ifna and Ifnb genes, whereas that of IRF-3 mainly affects Ifnb gene expression [24] . IRF-1 and IRF-2 repress the transcriptional expression of Ifna and Ifnb genes [25] . Although the expression levels of IRF members have been reported in granulosa and cumulus cells [7] , the precise role of IRFs for the induction of Ifna/b genes in cumulus cells need to be investigated.
Treatment with Ifna or Ifnb alone induced cumulus expansion about 60% compared to that of epiregulin. Therefore, Ifna/b produced by cumulus cells appears to be critical for this process. Ifna/b stimulated the expression of genes important for cumulus expansion (Has2, Ptx3, Tnfaip6, and Ptgs2). However, the magnitude and temporal pattern of induction of these cumulus genes differed from that of epiregulin. Whereas levels of Has2 induced by Ifna/b were similar to those of epiregulin, the levels of Tnfaip6 induced by Ifna/b at 12 h were much lower than those induced by epiregulin at 6 h. Levels of Ptx3 and Ptgs2 after Ifna/b; at 12 h were about half of those compared to epiregulin at 6 h. Thus, the Ifna/b-induced cumulus expansion occurred mainly via activation of matrix-forming factor Has2, and partially via activation of matrix-stabilizing factors Ptx3 and Ptgs2. Less expansion of cumulus by Ifna/b compared to that by epiregulin may be due to the marginal effect of Ifna/b on Tnfaip6 expression.
Binding of Ifna and Ifnb to type I IFN receptors (Ifnar1/2) activates Jak/Stat, Akt, and Mapk1/2 signaling cascades in cumulus cells. Epiregulin also stimulated these signaling cascades. Thus, type I IFN receptors can activate multiple signaling events that mediate Ifna/b stimulation of expansionregulating genes (Has2, Ptx3, Tnfaip6, and Ptgs2), resulting in the induction of cumulus expansion. Ifna/b peaks at a later time than that of EGF-like factors (6 h vs. 2-3 h); therefore, it seems likely that Ifna/b-activated signaling cascades act to help maintain the levels of expansion-regulating genes when levels of EGF-like factors decline.
Investigation of other role(s) of Ifna/b in ovulation is of further interest, due to the fact that cytokines appear to have redundant functions. Although Ifnb was expressed in oocytes, it did not affect oocyte maturation. However, other cytokines, including IL-6 [6] and IL-7 [26] , promote oocyte maturation and improve oocyte quality. Ifna and Ifnb stimulate ATP production for antiviral activity [27] . Due to the fact that oocytes require energy production [28] , Ifna or Ifnb may regulate ATP generation to maintain the quality of cumulus and/or oocytes. Although the inhibition of ovarian production of testosterone and estradiol by Ifna has been reported in rats [15] , the more detailed role of Ifna/b in steroidogenesis during the ovulatory process needs to be clarified.
In summary, Ifna or Ifnb alone is a potent inducer of cumulus expansion via activating multiple signaling cascades that stimulate the expression of expansion-regulating genes. Lower Ifna levels correlate with tubal factor infertility in women undergoing in vitro fertilization [29] . Signaling of the innate immune system TLR-2/4 induces Ifna/b in cumulus cells. Therefore, it would be of clinical relevance to investigate a potent action of Ifna/b in infertility in women who are suffering from chronic infections.
